Aim: The administration of plasma expanders is crucial for managing critically ill patients across a range of clinical conditions, including major surgery, hemorrhagic shock, and trauma. However, the effects of hydroxyethyl starch (HES) on erythrocyte aggregation remain controversial. For this reason, we aimed to investigate the effects of HES 130/0.4, performed renal insufficiency by experimentally unilateral ureteral obstruction, on erythrocyte deformability. Materials and Methods: A total of 24 rats were divided into 4 groups; Control, HES 130/0.4, Ureter Obstruction (UO) and UO-HES130/0.4. Urethral obstruction groups were treated with ketamine anesthesia with a low abdominal incision and reached to the distal of right ureter and sutured with 2.0 mersilen then waited for 3 weeks for late term renal insufficiency. 20 mL.kg -1 of HES 130/0.4 (Voluven) were infused intravenously to the HES 130/0.4 and UO-HES130/0.4 group. After 24-hour, rats were sacrificed. Deformability measurements were performed using 5% haematocrit in a phosphate-buffered saline (PBS) buffer. Results and Discussion: Relative resistance was increased in all groups compared to the control group (p<0.0001). In all groups, erythrocyte deformability index was found to be significantly higher than the control group (Group C-Group HES, p=0.023, Group C-Group UO, p<0.0001, Group C-Group UO-HES, p<0.0001). UO-HES group had significantly increased erythrocyte deformability index compared with the HES group (p=0.031, p=0.021, respectively). It was determined that HES 130/0.4 application did not change erythrocyte deformability in ureteral obstructed rats (p=0.785). Conclusion: The use of HES 130/0.4 has no negative effects on erythrocyte deformability in ureteral obstructed rats. We think that indications should be used correctly when using HES 130/0.4.
INTRODUCTION
The administration of plasma expanders is crucial for managing critically ill patients across a range of clinical conditions, including major surgery, hemorrhagic shock, and trauma (1) . There is growing evidence that plasma expanders, which are often given in large volumes during fluid therapy, are associated with altered hemorheological parameters, which play an important role in modulating microcirculatory and tissue oxygenation (2, 3) .
The decline in erythrocyte half-life in patients with renal insufficiency and therefore a cause of the anemia is the deterioration of the balance in this system. In uremic patients, decreased glucose metabolism and pentosephosphate shunt activity in erythrocytes result in increased synthesis of hydrogen peroxide and hydroxyl radicals, as well as antioxidant enzymes inhibited by uremic toxins. As a result, lipid peroxidation (LPO) in the erythrocyte membrane is accelerated, erythrocyte deformability is affected, and the splenic sequestration of erythrocytes increases and the erythrocyte side-life is shortened (4, 5) .
In the literature, experimental and clinical studies have shown that erythrocyte deformability deteriorates in renal failure cases (6) (7) (8) . Some data suggest hyperoncotic colloids and starches with a molar substitution >0.4 may be harmful for the kidney in patients with septic shock (9-11). Third generation hydroxyethyl starch (HES), the so-called tetrastarch (molar degree of substitution 0.4 and medium molecular weight of 130 kDa) with a reportedly improved safety profile, has led to renewed interest in the use of HES for volume therapy (12, 13) .
In this study we investigated the effect of HES 130/0.4 on erythrocyte deformability of unilateral ureteral obstruction in rats.
MATERIALS and METHODS

Animals and Experimental Protocol
After obtaining approval of the Experimental Animals Ethics Committee of Gazi University, we conducted the study in the GUDAM Laboratory of Gazi University. All the experimental procedures were performed in conjunction with Guide for the Care and Use of Laboratory Animals standards. The animals were housed in a pathogen-free environment, with free access to food (until 2 h before the anesthetic procedure) and water and with a 12 h light/dark cycle for at least one week before study. Twenty four male Wistar albino rats (225 and 275 gr) were randomly divided into four groups. Control (C) Group (control; n=6), HES 130/0.4 (Voluven) (HES) Group (HES 130/0.4 (Voluven); n=6), Unilateral Ureteral Obstruction (UO) for 3 weeks Group (UO; n=6) and Group UO-HES (UO-20 mL.kg -1 HES 130/0.4 (Voluven); n=6). Rats in the control and UO groups received only normal saline at the same volume.
Renal failure was induced in the left ureter in four groups of rats under ketamine anesthesia with a low abdominal incision, and then the suture was placed with 2.0 mersilene and was kept there for 3 weeks for the late period. At the end of period, anesthesia was induced using 100 mg.kg -1 ketamine intraperitoneally and 20 mL.kg -1 HES 130/0.4 (Voluven). After the 24 hours of follow-up period, 100 mg.kg -1 ketamine was administered intraperitoneally then rats (HES, UO-HES group rats) were sacrificed, after collecting blood samples from their abdominal aorta. Heparinized total blood samples were used to prepare erythrocyte packs. Deformability measurements were performed using erythrocyte suspensions with 5% haematocrit in a phosphate-buffered saline (PBS) buffer.
Deformability Measurements
Blood samples were carefully taken, and the measurement process was as fast as possible to avoid haemolysis of the erythrocytes. The collected blood was centrifuged at 1000 rpm for 10 min. Serum was removed, in addition to the buffy coat on the erythrocytes. An isotonic PBS buffer was added to the collapsing erythrocytes, and this was centrifuged at 1000 rpm for 10 min. The liquid on the upper surface was removed. Finally, pure red cell packs were obtained from the washing process, which was repeated three times. The erythrocyte packs were mixed with the PBS buffer to generate a suspension with a value of 5% Htc. These erythrocyte suspensions were used for the measurement of deformability. The collection and the deformability measurements of the erythrocytes were performed at 22º C.
A constant-current filtrometer system was used in the measurement of the erythrocyte deformability. Samples to be measured were prepared with 10 ml of erythrocyte suspension and PBS buffer. The flow rate was held constant at 1.5 ml/min with an infusion pump. A 28 mm nucleoporin polycarbonate filter with a 5 µm pore diameter was preferred. Pressure changes while the erythrocytes passed through the filter were detected by a pressure transducer, and the data were transferred to the computer with the help of an MP30 data equation system (Biopac Systems Inc., Commat, USA). The calculations were performed with related computer programmes by measuring the pressure changes at various times.
Pressure calibration of the system was performed before each sample measurement. The buffer (PT) and the erythrocytes (PE) were passed through the filtration system, and the changes in pressure were measured. The relative refractory period value (Rrel) was calculated by relating the pressure value of the erythrocyte suspension to the pressure value of the buffer. An increasing Rrel in the deformability index was interpreted as adversely affecting the deformability of the erythrocytes.
Statistical Analysis
The statistical analyses were performed with the SPSS 20.0 software programme; p<0.05 was considered statistically significant. The findings were expressed as mean ± standard deviation. The data were evaluated with Kruskal-Wallis variance analysis. The variables with significance were evaluated with a Bonferroni corrected Mann-Withney U test.
RESULTS
Relative resistance was increased in all groups compared to the control group (p<0.0001). In all groups, erythrocyte deformability index was found to be significantly higher than the control group (Group C-Group HES, p=0.023, Group C-Group UO, p<0.0001, Group C-Group UO-HES, p<0.0001). UO-HES group had significantly increased erythrocyte deformability index compared with the HES group (p=0.031, p=0.021, respectively). It was determined that HES 130/0.4 application did not change erythrocyte deformability in ureteral obstructed rats (p=0.785) (Figure 1 ). 
DISCUSSION
Erythrocytes are fundamental elements of blood; they are responsible for vital functions such as oxygen/carbon dioxide and metabolic product exchange. Changes in erythrocyte shape and geometry generate the most important proportion of flow resistance. Erythrocyte deformability, aggregation, plasma fibrinogen and globulins have key roles to play in maintaining a sufficient flow pattern (14) . It has been attributed to platelet dysfunction, abnormal platelet-vessel wall interactions and altered rheological properties of blood flow (15) (16) (17) (18) (19) . Weed et al (20) postulated erythrocyte deformability to be a major determinant of red cell survival. This was later verified in other studies. Pekpak et al (6) demonstrated the decreased red cell deformability for the first time in a proteinuric patient group with minor renal insufficiency. The decrease in viscosity was determined by the decreased red cell deformability.
As summarised by Noris and Remuzzi, uremic bleeding depends on 1. abnormal platelet-vessel wall interactions ( enhanced vascular PGI2 production, altered PGI2 degradation, altered ratio of Factor VIII to von Willebrand Factor), anemia (altered platelet adhesion, altered blood rheology), 3. abnormal production of Nitric Oxide and 4. platelet dysfunction (decreased platelet calcium content, reduced ADP platelet pool, reduced cAMP platelet content, reduced platelet capacity to form TxA2 in response to Platelet Activating Factor (21) .
The life span of erythrocytes in the circulation seems to be related with the factors affecting the mechanical properties (cell deformability) (22) . In hemodialysis patients, the breakdown of erythrocyte deformability as the result of erythrocyte membrane lipid peroxidation initiated by free radicals and splenic sequestration is reported be among the the most important factors causing a decrease in the life span of erythrocytes (5, (23) (24) (25) 
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Although there was an increase in the Pentoxifylline+Quercetin group in comparison with the ATN group, they stated that it didn't show statistical significance (8) . Yürekli et al. (26) reported that there was no significant difference in the EI values between the Ringer and HEPP 130/0.4 groups in studying the hemorrhological effects of different prime solutions in CPB administration. Ringer and HEPE 130/0.4 solutions did not show any significant difference in terms of erythrocyte deformability in CPB administration. Two different liquids have been used by Morariu et al. (27) to provide acute isovolumic hemodilution in animal studies.
HES 200/0.5 and HES 130/0.4 solutions were compared as two separate groups. There was no significant difference in erythrocyte aggregation between the two groups. It was determined that HES 130/0.4 application did not change erythrocyte deformability in ureteral obstructed rats. The use of HES 130/0.4 has no negative effects on erythrocyte deformability in ureteral obstructed rats. We think that indications should be used correctly when using HES 130/0.4.
